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Digital image processing plays an important role in modern scientific endeavors. It has .
specific uses in satellite imaging, remote sensing, telemetry and medical imaging. Image .
processing requires huge memory space to store the data, and to process the data in real
time high speed computers are required. For transmission, the channel capacity
requirement is much more stringent. To circumvent such problem in storage and'
transmission one of the methods is to compress the data as much as possible before
transmission and after reception decompression is to be applied with out loss of much .
information. The compression process can be carried out by using DCT (Discrete cosine '
transform), Discrete Hartley transform and also Discrete Fourier transform. Algorithms are
developed fQr all the three methods. Matlab software is used for the compression and
decompression process. Numbers of images are tested for the process. Detailed analysis is '
carried out. Mean square error estimation of the image obtained by compression and
decompression process is carried out with respect to the original image. Interpolation is the
other technique to recover the original image from the sampled image. Interpolation in two
dimensions is the method to recover replica of the original image from the sampled image.
There are different methods to implement interpolation.2-D FFT is used for this and for
this method also error estimation is done and compared with other methods.
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APPENDIX-I
TECHNICAL REPORT
Project Title: Image data compression using OCT (Discrete Cosine transform) and interpolation and
allied topics in digital image processing applied to satellite imaging
Project Leader: Dr. Pabbisetti Sathyanaryana
The project work started in the month of April 2005. The literature survey of the project work is
completed after three months of the start of the project. The project work is completed. Digital image
processing plays an important role in many modem scientific applications.!t has specific applications in
satellite imaging, remote sensing and medical imaging. Digital images require huge memory space and
larger band width for transmission, since for a reasonable pixel size of512x 512 ofdigital image requires
about few MBs memory space. To reduce the storage space and burden of transmission of data,
compression ofdata is one ofthe important applications.
There are different techniques used for data compression. They are
i. Discrete cosine transform
ii. Fast Fourier transform
iii. Fast Hartley Transform
iv. Interpolation using FFT
v. Karhumen - Loeve transform
The present work started with analysis ofcompression and decompression using DCT and Hartley
transforms. The Discrete Cosine Transform (DCT) and Fast Hartley type transforms are applied for data
compression in two dimensions for digital images. The Hartley transform (HT) was developed as a
substitute to Fourier transform (FT) in applications where the data is in real domain. [1] to [16]. The HT
has also defmed in two dimensions [11] as a separable Hartley type transform, named the CAS-CAS
transform (CCl). CAS stands for Cos plus Sine. Algorithms are developed for data compression and
decompression using CAS- CAS transform in two dimensions. Comparison of compressed and
decompressed image with the original image with respect to mean square error is carried out. Discrete
cosine transform method of compression and decompression process is also carried out on the same
examples. The Fourier Transform is also used for Gompression and decompression process by developing
an algorithm for the compression'These three transform methods are compared in terms·ofmean square
error with respect to original image.
I.CAS-CAS Transform method:
Hartley transform (Hl) relations in 2-D are [11]
M-IN-l mu nv
H (u, v) = LLx(m,n)cas27£(-+-) '" (1)
m..on=O M N
1 M-IN-l mu nv
X(m,n) LIH(u,v)cas27£(-+-) ... (2)
MxN u..ov-O M N
mu nvCas 27£(- +-) is not a separable Kernel like
M N
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Exp [ j27Z"(mu + nv)] for 2-D DFT, hence the row- column decomposition method [13] [14] ofM N
computing a 2-D transform from I-D fast Fourier transform algorithm can not be applied directly in this
case ofHT. To take advantage ofthe fast I-D HT algorithms, a separable Hartley like transform namely
CAS-CAS transform is developed.
T(u, v), is defined as [11]
M-IN-I 2mnu 27lflv
T(u, v) == LLx(m,n)cas--cas-- ...(3)
m=On=O M N
1 M-IN-l 2mnu 27lflv
X (m, n) = ILT(u,v)cas---cas-- ....(4)
MxN u=Ov=O M N
Where
Cas (a ) = cos ( a ) + sin (a ) and
1
H (u, v) ="2 [T(u, v) + T (-u, v)+T(u, -v,) - T(-u, -v)] ....(5)
In this way 2-D Discrete Hartley transform can be computed.
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1.1 The algorithmic steps for compression and decompression using CAS-CAS transform (CCT):
1. Scan the analog Image to get digital image with a size ofpixels (256 x 256) as reference data matrix A.
Instead of particular size of the digital image data, general size of the original digital image matrix A is
considered as (M, N).
2. Com.pute CCT ofthis matrix A using equation (3) as Matrix B which is of same size A.
3. Modify the CCT coefficients matrix B to reduce its size to (M/2, N/2), to achieve a compression factor
of4.
Construct a new sequence C (ll, v) from B (ll, v) as follows
C (u, v) == B (u, v) for u == 0, 1 (M/4) -1
v == 0, 1 (N/4)-I
= B (ll, v+N/2) for u == 0, 1 (M/4)-I
v = (N/4) (N/2)-I
for u == 0, 1. .. (M/4)-I
v == 0, 1. .. (N/4)-I
== B (u+M/2, v) for u =M/4... (M/2)-I
v = 0, 1. ..N/4
== B (u+M/2,v+N/2) for u ==M/4... (M/2)-I
v ==N/4 '" (N/2)-I
C (u, v) is matrix of size (M/2, N/2) a compression ratio of 4 with respect to original size of the image
matrix A of size (M, N) is achieved.
4. This reduced CCT coefficient matrix is to be transtpitted instead of the original matrix, so that burden
on the channel can be reduced by a factor of4. .
5. At the receiver, after receiving the modified CCT matrix C (u, v), is appended with zeros to make it
to original size as follows.
D(u, v) == C (u, v)
= 0 for u = 0, 1. .. (M/4)-1
v =N/4 (3N/4)-1
= C (u, v-N/2) for u = 0, 1 (M/4)-1
v = 3N/4 (N-l)
= 0 for u = M/4 (3M/4)-1
v=O, 1,2 (N-l)
= C (u-M/2, v) for u =3M/4 (M-l)
v =0, 1. .. (N/4)-1
=0 for u =3M/4... (M-l)
v =N/4 .,. (3N/4)-1
=C (u-M/2, v-N/2) for u = 3M/4 (M-l)
v = 3N/4 (N-l)
6. Multiply each D (u, v) by the square ofthe compression factor.
7. Perform the inverse CCT using equation (4) on the sequence D (u, v) of size (M, N) to obtain the
replica oforiginal image.
x(u, v) ,:
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~
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Where m = 0, 1. ... M-l And n = 0, 1. .. N-l
•••• (7)
a v =~ for v=l, ... M-l
a = [2: for u=l, ... M-l
u VA!foru= 0
forv=O
M-IN-l 7T(2m + l)u 7T(2n + l)v
X (u, v) = auav L L x(m, n) cos cos ... (6)
m=On=O 2M 2N
And 2-D inverse discrete cosine Transform is
M-IN-l 7T(2m + l)u 7T(2n + l)v
X (m, n) = auav LLX(u,v) cos cos~----:..-
u=Ov=O 2M 2N
Where u =0, 1 M-l
And v = 0, 1 N-l
Equations (6) are forward transform and equation (7) is r~verse transform. By using the above two
equations discrete cosine transform coefficients and inverse discrete cosine transform coefficients can be
computed for the digital image.
in the
two
n be
The Fourier transform relations in 2 -D are
M-IN-l ·2 (mu nv)
X (U, v) = L L x(m,n)e -} 11: ~N (6)
m=O n=O
Where m = 0, 1 ... M-l, and n:;: 0, 1. .. N-l
M-IN-l j211:(~+.'!!:)
X(m,n)= LLX(u,v)e M N (7)
u=O v=O
Where u = 0, 1 ... M-l, and v = 0, 1 ... N-l
Equation (6) is forward transform and equation (7) is reverse transform. By using the above two equations
Fourier transform coefficients and inverse Fourier transform coefficients can be computed for the digital
image.
ID.l. The algorithmic steps for compression and decompression using FFT
The procedure is similar to that of Hartley type transform for data compression and decompression using
Fast Fourier transform. The algorithmic steps given above for Hartley transform, are to be used for this
also by replacing CCT with FFT. FFT magnitude coefficients are also concentrated at the comers as that
ofCCT.
Procedure:
1. CCT method
The above algorithmic steps are applied on the original scanned digital image of size (256,256) pixels
shown as figure 1. For this image data CCT coefficients are computed. Then data is reduced by
discarding some of the coefficients by using the algorithmic step (3). Most of CCT coefficients are
having larger magnitudes in all the four comers of the matrix instead of central region of the matrix.
Based on this principle the discarding of negligibly small v~lue data points is done. To bring back to the
original size of the matrix, zeros are appended where ever the data points are discarded. Now inverse
CCT is applied on this data with a proper multiplier. The resultant replica of the original image is shown
as figure 2. These two images figure 1 and figure 2 are look alike, and there is no noticeable loss of
information. In this a reduction of CCT coefficients to be transmitted is 1I4th of that of original image
data points.
A second example, with a compression ration of 16, is shown as figure 3. The resultant image figure 3 is
not up to the mark, and further compression will completely distorts the image. The advantage ofCCT is
that it is a real transform and hence the storage and transmission is not complex but FFT algorithm ofrow
column decomposition can be applied.
2. nCT method
For the same data (figure 1), equation (6) is applied to get the DCT coefficients. DCT coefficients are
concentrated near the origin. To achieve the compression ratio of 4 the DCT coefficient matrix is
truncated by retaining (M/4, N/4) coefficients from the origin.
Now zeros are appended to get back the original size of the matrix and with proper multiplier inverse
transform equation (7), is applied to get the replica of the original image as shown figure 4. Figure 1 and
figure 4 are similar with out appreciable differences. Hence there is a compression ratio of 4. is achieved .
with out distortion. As the compression ratio is increased further say 16, by decreasing the data points to
be transmitted, the recovered image is distorted as shown in figure 5.
3. FFT method
For the same data (figure 1), equation (6) is applied to get the Fourier coefficients. As in the CCT method
some of the coefficients are discarded by following same algorithmic steps as in CCT method. The
discarded coefficients are substituted with zeros, and with proper multiplier inverse transform equation
(7), are applied to get the replica of the original image as shown figure 6. Figures 1 and figure 6 are
similar with out appreciable differences. Hence there is a· compression ratio of 4 is achieved with out
distortion. The only difference in this method in comparison with CCT is that the data to be transmitted is
complex instead of real and hence effective reduction in memory space is 50 %. As the compression ratio
is increased further, decreasing the data points to be transmitted, the recovered image is distorted as
shown in figure 7 with a compression ratio of 16. Figure 8 shows the distribution of magnitudes of
Fourier coefficients for the figure 1 data points. It shows that the magnitudes are less in the middle region,
which are discarded and in the reverse transform they are assumed to be zeros.
Results and conclusions
CCT and DCT methods are tried for different compression factors. The mean square error estimation with
respect to the original image data (figure 1) are presented in table 1.
Serial Compression DCTMethod CCTMethod FFTMethod
Number factor Mean Square error Mean Square Error Mean square error
1 4 0.0019 0.0018 0.0018
2 16 0.0050 0.0048 0.0050
Table 1. Mean square error with CCT and FFT methods for different data compression ratios.
The mean square error in the three methods is almost the same for different compression factors. It shows
that CCT method can be used for image compression process as that of DCT method. The advantage of
CCT method over DCT method is that the CCT implementation in two dimensions is simpler and well
established techniques available for FFT can be used for this. Hence digital image data compression and
decompression process can be effectively implemented by using CCT. RPV continuously taking
photographs for remote sensing application, and sending '~them to ground station, the band width
requirement is a stringent problem with out compression. By using the compression process the channel
bandwidth reduces drastically with out loss ofmuch information and storage space also reduces.
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Abstract
The Image processing plays an important role in modem
scientific advancements. It has wide applications in the
fields of remote sensing, satellite imaging, medical imaging
and telemetry. Digital image processing requires large
memory space for storage , high speed computers for
processing and wider band widths for transmission. To
process these images in real time it will be much more
involved. Data compression is an important tool in digital
image processing to reduce the burden on the storage and
transmission systems. The basic idea ofdata compression is
to reduce the number of the image pixel elements directly,
say by sampling or by using transforms and truncate the
transformed image coefficients, so that the total number of
picture elements or coefficients are reduced . The image
information now requires lesser storage and also lesser
band width for transmission. When ever the image is to be
recovered or received after transmission the image
information is to be decompressed i.e. brought back to the
original size. There are different methods for compression
and decompression process. In this paper discrete Hartley
type transforms and Fast Fourier transforms are
considered for both data compression and decompression.
Algorithms are developed and tested using two
dime1Jsional Hartley type transform (HT) and Fast Fourier
transform (FFT )for data compression and decompression
of the digital image data. The main advantage ofHartley
transform is, it is a real transform, hence the storage and
the processing of the coefficients require less space and
faster operation in comparison with Fast Fourier
transforms. Number ofdigital images are compressed and
decompressed and the mean square error estimation is
carried out as a comparison with the original images for
both the methods.
Keywords:
Digital Image Processing, Discrete Hartley Transform,
Data Compression, Fast Fourier Transform, Remote
Sensing,
489
Introduction
Active research work is going on, in digital signal
processing in recent years. This has good number of
applications in satellite imaging, medical imaging and
telemetry. Data compression plays an important role in
satellite image processing. The satellite image in digital
mode requires huge memory space and higher bandwidths
for transmission. Data compression before transmission
reduces the channel band width requirement. [ 1 ] to [ 8 ]
There are different transforms for data compression. There
are Karhumen - Loeve transform, Discrete cosine
transform and interpolation process. [ 1 ] to [ 16 ]
In this paper discrete Hartley type transform, and fast
Fourier transform are studied for data compression in two
dimensions, which is directly applicable to digital image
processing. The Hartley transform ( HT ) was developed as
a substitute to Fourier transform ( FT ) in applications
where the data is in real domain. [ 10] , [ 11 ]. The HT has
also defined in two dimensions [ 12] as a separable Hartley
type transform, named the CAS-CAS transform (CCT ).
Algorithms are developed for data compression and
decompression using Hartley type transform in two
dimensions. Comparison of compressed and
decompressed image with the original image with respect to
mean square error is carried out.
FFT is applied for interpolation after sampling in one and
two dimensions. [ 13 ] , [ 14] Interpolation is very useful
for reconstruction of the sampled image. sampled image is a
pattern of compressed image. In this paper instead of
interpolation process, direct FFT is evaluated, and
compression algorithm is applied on the FFT data. In the
re-conversion process zeros are substituted to the FFT
coefficients where ever they are taken off in the
transmission process and inverse FFT is applied on the
modified data which presents a replica of original image.
This is the process of compression and decompression of
the image using FFT. Error analysis is also carried out.
Where
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And
Where
X(m, n)=
And n=O,t
Where m=O.
3. Modify the ccr coefficients matrix B to reduce its size to
(M/2 , NI2 ), to achieve a compression factor of 4.
Construct a new sequence C (u, v) fromB(u, v) as follows
C (u, v) = B (u, v) for u = 0,1, , (Ml4)-1
v == 0,1, , (N/4)-1
= B(u, v+N/2) for u = 0,1, ,(M/4)-1
v =(N/4), , (N/2)-1
= B(u+M/2, v) for u =M/4, , (MI2)-1
v:>;:: 0,1, ,N/4
= B(u+Ml2,v+N/2) for u =M/4, , (Ml2)-1
v ==N/4, ,(N/2)-1
qu, v) is matrix of size (Ml2, N/2) • a compression ratio of
4 with respect to original size of the image matrix A of size
(M, N) is achieved.
4. This reduced ccr coefficient matrix is to be transmitted
instead of the original matrix, so that burden on the channel
can be reduced by a factor of 4.
5. At the receiver, after receiving the modified CCT
matrix qu, v), is appended with zeros to make it to original
size as follows.
D(u, v) = qu, v) for u = 0,1, , (M/4)-1
v = 0,1, , (N/4)-1
= 0 for u == 0,1, , (MI4)-1
v == N/4, ... •(3N/4)-1
= C (u, v-N/2) for u = 0,1, ,(MI4)-1
v =3N/4, , (N-I)
=0 for u == M/4, ,(3M14)-1
v == 0,1,2 (N-1)
= C (u-Ml2, v) for u =3M14, , (M-I)
v =0,1, ,(N/4)-1
=0 for u =3M/4, , (M-I)
v =N/4, '" ,(3N/4)-1
== C (u-Ml2, v-N/2) for u = 3M14, , (M-1)
v =3N/4, (N-1)
6. Multiply each D(u. v) by the square of the compression
factor.
7. Perform the inverse CCT using equation (4) on the
sequence D (u, v) of size (M, N) to obtain the replica of
original ~ge.
Data compression and decompression using
fast Fourier transform :
The Fourier transform relations in 2 -D are
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M-IN-I mu nv
H(u, v)= EEx(m,n)cas2Jr(-+-)
m;()n;() M N
Hartley transform relations in 2-D are [ 12 ]
Cas(a)=cos(a)+sin(a) and
1
H (u, v)=- [T(u, v) + T (-u, v)+T(u, -v,) - T(-u, -v) ]2
mu nv
Exp [ j2 1&(-+-)] for 2-D Dfl, hence the row-M N
column decomposition method [ 14] of computing a 2-D
transform from 1-D fast Fourier transform algorithm can not
be applied directly in this case of lIT. To take advantage of
the fast I-D lIT algorithms, a separable Hartley like
transform namely CAS-CAS transform
T (u, v), is defined as [ 12 ]
M-IN-I 2mnu 2JZnv
T(u, v) =EEx(m, n)cas--cas-- (3)
m;()n;() M N
1 M-IN-I 2mnu 2JZnv
X(m, n) =---E..ET(u,v)cas---cas--
MxN u;()=Q M N
(4)
mu nv
Cas 21&(-+-) is not a separable Kernel like
M N
1 M-IN-I mu nv
X(m, n)==-- EEH(u, v)cas27E'(-+-) (2)
MxN u~Ov-O M N
Data compression and decompression using
Hartley type transform
In this way 2-D Discrete Hartley transform can be computed.
The algorithmic steps for compression and
decompression using DHT:
1. Scan the analog Image to get digital image with a size of
pixels (256 x 256 ) as reference data matrix A. Instead of
particular size of the digital image data, general size of the
original image matrix A is considered as (M, N).
2. Compute CCT of this matrix A using equation (3) as
Matrix B which is of same size A.
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Where m= 0,1,.... M-l
And n=O,I, ... N-I
M-1N-1 j2Jr(mu~)
X(m,n)= EEX(u,v)e M N (7)
u=O v=O
Where u= 0,1, M-l
And v= 0,1, N-l
Equations (6) is forward transform and equation (7) is
reverse transform. By using the above two equations Fourier
transform coefficients and inverse Fourier transform
coefficients can be computed for the digital image.
The algorithmic steps for compression and
decompression using FFT:
The procedure is similar to that of Hartley transform for data
compression and decompression using Fast Fourier
transform. In the algorithmic steps given above for Hartley
transform, ccr is to be replaced with FFT, for FFT based
data compression and decompression process.
Procedure:
1. CCT method
The above algorithmic steps are applied on the original
scanned digital image of size (256,256) pixels shown as
figure I. For this image data ccr coefficients are computed.
Then data is reduced by discarding some of the coefficients
by using the algorithmic step (3). Most ofccr coefficients
are having larger magnitudes in all the four corners of the
matrix instead of central region of the matrix. Based on this
principle the discarding of small value data points are done.
To bring back to the original size matrix, zeros are appended
where ever the data points are discarded. Now inverse CCT
is applied on this data with a proper multiplier. The resultant
replica of the original image is shown as figure 2. These
two images figure I and figure 2 are looks alike, and there is
no noticeable loss of information. In this a reduction of data
points to be transmitted is 1/4th of that of original image.
A second example, with a compression ration of 16, is
shown as figure 3. The resultant image figure 3, is not up to
the ~ark, and fuqher compression will completely distorts
the Image. the advantage of ccr is that it is a real transform
and hence the storage and transmission is not complex.
For the same data (figure I), equation (6) is applied to get the
Fourier coefficients and as in the ccr method some of the
coefficients are discarded and substituted with zeros, and
with proper multiplier inverse transform equation (6), is
applied to get the replica of the original image as shown
figure 4. Figures 1 and figure 4 are similar with out
appreciable differences. Hence there is a compression ratio
of 4 is achieved with out distortion. The only difference in
this method in comparison with ccr, is that the data to be
transmitted is complex instead of real and hence effective
reduction is 50 %. As the compression ratio is increased
further, decreasing the data points to be transmitted , the
recovered image is distorted as shown in figure 5 with a
compression ratio of 16. Figure 6 shows the distribution of
magnitudes of Fourier coefficients for the figure I data
points. It shows that the magnitudes are less in the middle
region, which are discarded and at the reverse transform they
are assumed as zeros.
Results and conclusions
CCT and FFf methods are tried for different compression
factors . The mean square error estimation with respect to
the original image data ( figure 1 ) are presented in table I.
Serial Compression CCT FFT
Number factor Method Method
Mean Mean
Square error Square Error
I 4 0.0019 0.0018
2 16 0.0050 0.0048
Table 1. Mean square error with CCT and FFT methods for
different data compression ratios.
The mean square error in both the methods is almost the
same for different compression factors. It shows that CCT
method can be used for image compression process as that of
FFr method. The advantage of ccr method over FFr
method is that the CCT is a real transform and hence the
number of multiplications and additions are less than that of
FFr and storage also reduces to half that of FFT. The band
width required for transmission also reduces with CCT
instead of FFT. Hence digital image data compression and
decompression process can be effectively implemented
using ccr.
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Fig. 2 CCT method Compression factor of 4
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Fig.4 FFT method Compression factor of 4
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form will take few MB (mega bits) hence the transmission
and storage in the same form will occupy more bandwidth
and larger storage space. Data compression before
transmission reduces the channel band width requirement
and memory space [1] to [8]. There are different
transforms available for data compression. These are
Karhumen - Loeve transform, discrete cosine transform,
and sampling and interpolation process using fast Fourier
transform. [1] to [16].
In this paper Discrete Hartley type transform and
Fast Fourier transform are used for data compression in two
dimensions, which is directly applicable to digital image
processing of RPV photographed images. The performance
is compared with the existing discrete cosine transform.
The Hartley transform (Hl) was developed as a substitute
to Fourier transform (F1) in applications where the data is
in real domain. [10], [11]. The HT was also defined in two
dimensions in which kernel is not separable [12]. Another
modified separable Hartley type transform, named the
CAS-CAS transform (CCl) was also defined. CAS stands
for cos plus sine. And CCT for two dimensional cos plus
sine transform. Algorithms are developed for data
compression and decompression using the three transforms
namely CCT, FFT, and DCT in two dimensions.
Comparison of compressed and decompressed image with
the original image with respect to mean square error is
carried out.
Discrete Hartley type transform in two dimensions as
separable transform is the CAS-CAS transform and is
called as CCT.
Hartley transform relations in 2-D in which the
kernel is not separable are [12].
2. CCT Method
(1)
Active research work is going on, in digital signal
processing in recent years. This has good number of
applications in remote sensing, medical imaging and
telemetry. Digital image processing comprises of many sub
areas, some of them are image enhancement, image
restoration, image encoding, and data compression. Data
compression play's an important role in image processing
especially in remote sensing using remotely piloted vehicle
(RPV). The image taken by the RPV in digital mode
requires huge memory space and higher bandwidths for
transmission to ground station. Each raw image in digital
Abstract
1 Introduction
Data compression is an important tool in digital image
processing to reduce the burden on the storage and
transmission systems. The basic idea ofdata compression is
to reduce the number of the image pixel elements directly,
say by sampling, or by using transforms and truncate the
transformed image coefficients, so that the total number of
picture elements or its coefficients are reduced The image
information now requires lesser storage and also lesser
band width for transmission. When ever the image is to be
recovered or received after transmission the image
information is to be decompressed i.e. brought back to the
original size and form. This compression process is
essential for images taken by satellites, or unmanned aerial
vehicles (UAVs) for remote sensing and weather
application. By·applying compression algorithm the image
data may take one fourth or even less size with out loss of
much information. There are different methods for
compression and decompression process. In this paper
three methods are used for both data compression and
decompression process, they are i. Discrete Hartley type
transform, ii. Fast Fourier transform (FFI), iii. Discrete
cosine transforms (DCI). Algorithms are developed and
tested using the three methods on different images. A
comparison with respect to mean square error with the
original image also presented The main advantage of
discrete Hartley type transform is, it is a real transform.
Discrete cosine transform also has similar performance as
that of discrete Hartley type transform. An algorithm for
compression using FFT method is also presented
And reverse transform is
1 M-IN-I mu nv
X(m,n) = LLH(u, v)cas21r(-+-)
MxN u=Ov-O M N
(2)
mu nv
Cas 21r(- +-) is not a separable Kernel.
M N
But for 2-D DFT the kernel is
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3. Based on the above principle, modify the CCT
coefficients matrix B to reduce its size to (Ml2, N/2), to
achieve a compression factor of 4 by neglecting small
amplitude coefficients.
Construct a new matrix C (ll, v) from B (u, v) which is
reduced in size as follows
C (ll, v) = B (ll, v) for u= 0, I .,. (Ml4)-1
v =0, I ... (N/4)-1
= B (ll, v+N/2) for u = 0, 1... (Ml4)-1
v= (N/4) ... (N/2)-1
= B (u+Ml2, v) for u =Ml4... (Ml2)-1
v= 0,1... N/4
=B (u+Ml2, v+N/2) for u=Ml4 (MI2)-1
v=N/4 (N/2)-1
C (u, v) is matrix of size (Ml2, N/2), a compression ratio of
4 with respect to original size of the image matrix A of size
(M, N) is achieved.
4. This reduced CCT coefficient matrix is to be transmitted
instead of the original matrix, so that memory space is
saved for storage and burden on the transmission channel is
reduced by a factor of 4.
5. At the receiver, after receiving the modified CCT
matrix C (ll, v), is appended with zeros at respective regions,
to make it to reference image size as follows.
mu nv
Exp [j21r(- +-)] which is separable. Hence the row-
M N
column decomposition method [14] of computing 2-D
transform from I-D fast Fourier transform algorithm can be
used. In case of 2-D Hartley transform row column can not
be applied directly. To take advantage of the fast I-D HT
algorithms, a separable Hartley like transform namely
CAS-CAS transform that is CCT is shown.
T (ll, v), is defmed as [12]
M-IN-I 2mnu 2nnv
T(ll,v)= LLx(m,n)cas--cas--
m=On=O M N
(3)
1 M-IN-I 2mnu 27lnV
X (m, n) = --LLT(u,v)cas--eas-
MxN U=Ov=O M N
(4)
Where
Cas ( a ) = cos (a ) + sin (a ) and
1
H (ll, v) =- [T (ll, v) + T (-u, v) +T (u, -v,) - T (-u, -v)]
2
(5)
In this way 2-D Discrete Hartley transform can be
computed. For the compression and decompression process
only CCT is used instead ofHartley transform.
2.1 The Algorithmic Steps for Compression and De-
Compression Using CCT
1. Scan the analog Image to get digital image with a size of
pixels (256 x 256) as reference data matrix A. Instead of
particular size of the digital image data, general size of the
original image matrix A is considered as (M, N).
2. Compute CCT of this matrix A using equation (3) as
Matrix B which is of same size as A. Important observation
is that the CCT coefficient matrix is having larger
amplitudes at the four comers and the value diminishes,
negligibly small towards central region
D (ll, v) = C (ll, v)
=0
= C (u, v-N/2)
=0
= C (u-Ml2, v)
=0
for u= 0,1... (MI4)-1
v = 0, 1... (N/4)-1
foru=O, 1... (MI4)-1
v=N/4 ... (3N/4)-1
for u = 0, 1... (MI4)-1
v= 3N/4 ... (N-I)
for u=Ml4 (3M14)-1
v= 0,1,2 (N-I)
for u =3M/4 ... (M-I)
v= 0,1... (N/4)-1
for u =3M14 (M-I)
v=N/4 (3N/4)-1
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=C (u-Ml2, v-NI2) for u=3M14 (M-I)
v=3N/4 (N-I)
6. Multiply each D (u, v) by the square of the compression
factor.
7. Perform the inverse CCT using equation (4) on the
sequence D (11, v) of size (M, N) to obtain the replica of
original image A.
3. Fast Fourier Transform Method
~I~l ( ) Jr(2m + l)u Jr(2n + l)v
a u a v .LJ .LJ x m, n COS COS -'----'----
m=On=O 2M 2N
(8)
Where m = 0, 1.. .. M-I; and n = 0,1... N-I
1
a =-- Foru=O
u JM
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Where u= 0, I ... M-I, and v= 0, I ... N-I
Equation (8) is forward transform and equation (9) is
reverse transform. By using the above two equations
discrete cosine transform coefficients and inverse discrete
cosine transform coefficients can be computed for the
digital image.
(9)
~I~X( ) Jr(2m+l)u Jr(2n+l)v
auav .LJ.LJ u, v COS cos----
u=Ov=O 2M 2N
X(m, n)=
a v =& Forv=l ... M-I
a = f2 Foru=I ... M-1
u fii
And 2-D inverse discrete cosine Transform is
4.1. The Algorithmic Steps for Compression and
Decompression Using DCT
1. Scan the analog Image to get digital image with a size of
pixels (256 x 256) as reference data matrix A. Instead of
particular'"size of the digital image data, general size of the
original image matrix A is considered as (M, N).
2. Compute DCT of this matrix A using equation (8) as
Matrix B which is of same size as A. The DCT coefficient
matrix is having larger magnitudes near the origin and is
(7)
(6)
M-IN-I '2 (mu nv)
X(m,n)= LLX(u,V)/ 7f M+/i
u=O 1'=0
X (11, v)=
3.1. The Algorithmic Steps for Compression and
Decompression Using FFT
The procedure is similar to that of Hartley type transform
for data compression and decompression using Fast Fourier
transform. The algorithmic steps given above for Hartley
transform, are to be used for this also by replacing CCT
with FFT. FFT magnitude coefficients are also concentrated
at the comers as that of CCT.
4. Discrete Cosine Transform Method
The Fourier transform relations in 2 -D are
Where u = 0, 1... M-I, and v = 0, 1. .. N-I
Equation (6) is forward transform and equation (7) is
reverse transform. By using the above two equations
Fourier transform coefficients and inverse Fourier
transform coefficients can be computed for the digital
image.
Where m= 0, I ... M-I, and n= 0,1... N-I
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6. Results and Conclusions
Table 1. Mean square error with the three methods for
diffi d ..
Three methods are tried for different compression factors.
The mean square error estimation of resultant images with
respect to the original image data (figure 1) are presented in
table 1.
The mean square error for all the methods is almost the
same for different compression factors. It shows that CCT
method can be used for image compression process as that
of FFT method. The advantage of CCT method over FFT
method is that the CCT is a real transform and hence the
number ofmultiplications and additions are less than that of
FFT and storage also reduces to half that of FFT. The band
width required for transmission also reduces with CCT
instead of FFT. Hence digital image data compression and
decompression process can be effectively implemented
using CCT. DCT method also gives similar performance as
that of CCT. Either nCT or CCT can be implemented for
any practical system.
figure 1 data points. It shows that the magnitudes are less in
the middle region, which are discarded and in the reverse
transform they are assumed to be zeros.
5. 3. DCT Method
For the same data (figure 1), equation (8) is applied to get
the nCT coefficients. nCT coefficients are concentrated
near the origin. To achieve the compression ratio of 4 the
nCT coefficient matrix is truncated by retaining (Ml2, N/2)
from the origin.
Now zeros are appended to get back the original
size of the matrix and with proper multiplier inverse
transform equation (9), is applied to get back the replica of
the original image. Hence there is a compression ratio of 4
is achieved with out distortion. As the compression ratio is
increased further say 16, by decreasing the data points to be
transmitted, the recovered image is distorted as shown in
figure 7.
erent ata compreSSiOn ratiOS.
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5. Procedure
5.1. CCT Method
The above algorithmic steps referred in chapter 2.1 are
applied on the original scanned digital image of size
(256,256) pixels shown as figure 1. For this image data
CCT coefficients are computed. Then data size is reduced
by discarding some of the coefficients by using the
algorithmic step (3). Most of CCT coefficients are having
larger magnitudes in all the four comers of the matrix
instead of central region of the matrix. Based on this
principle the discarding of small value data points is
achieved. To bring back to the original size matrix, zeros
are appended where ever the data points are discarded.
Now inverse CCT is applied on this data with a proper
multiplier. The resultant replica of the original image is
shown as figure 2. These two images figure 1 and figure 2
are looks alike, and there is no noticeable loss of
information. In this a reduction of data points to be
transmitted is 1/4th ofthat of original image.
A second example, with a compression ratio of 16
for the same image is applied and the resultant image is
shown as figure 3. Figure 3 is not up to the mark, and
further compression will completely distorts the image. The
advantage of CCT is that it is a real transform and hence the
storage and transmission is not complex and FFT algorithm
of row column decomposition can be applied.
5. 2. FFT Method
For the same data (figure 1), equation (6) is applied to get
the Fourier coefficients. As in the CCT method some of the
coefficients are discarded by following same algorithmic
steps as in CCT method. The discarded coefficients are
substituted with zeros, and with proper multiplier inverse
transform equation (7), are applied to get the replica of the
original image as shown figure 4. Figures 1 and figure 4 are
similar with out appreciable differences. Hence there is a
compression ratio of 4 is achieved with out distortion. The
only difference in this method in comparison with CCT is
that the data to be transmitted is complex instead of real and
hence effective reduction is 50 %. As the compression ratio
is increased further, decreasing the data points to be
transmitted, the recovered image is distorted as shown in
figure 5 with a compression ratio of 16. Figure 6 shows the
distribution of magnitudes of Fourier coefficients for the
diminishing as the (m, n) increases.
3. Based on this principle truncate the Matrix B keeping the
nCT coefficients for m=O to (Ml2)-1, and n = 0 to (N/2)-1
so that the size of the matrix formulated C is (MI2, N/2) a
compression ratio of4 is achieved.
4. The matrix c is transmitted and received. Now
decompression process is applied by appending the C
matrix zeros to get back the size ofthe original matrix A.
5. Compute inverse discrete cosine transform on this
modified matrix using equation (9) to get back the replica
of the original digital image.
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Active research work is going on, in remotely piloted
vehicles in recent years. This has good number of
applications in remote sensing, and telemetry and military
applications. Data compression plays an important role in
remotely piloted vehicle image processing. The RPV inJage
in digital mode requires huge memory space and higher
bandwidths for transmission to ground station. Data
compression before transmission reduces the channel band
width requirement [1] - [8]. There are different transforms
available for data compression. These are Karhumen -
Loeve transform discrete cosine transform and interpolation
process. [1] - [16]
ill this paper CAS- CAS transform and OCT are studied
for data compression in two dimensions, which is directly
applicable to digital image processing of RPV
photographed images. The Hartley transform (HT) was
developed as a substitute to Fourier transform (FT) in
applications where the data is in real domain. [10], [11].
The HT was also defined in two dimensions [12] as a
separable Hartley type transform, named the CAS-CAS
transform (CCT). CAS stands for cos +Sin. Algorithms are
developed for data compression and decompression using
CAS- CAS transform in two dimensions. Comparison of
compressed and decompressed image with the original
image with respect to mean square error is carried out.
Discrete cosine transform method of compression and
decompression process is also carried out on the same
examples. These two methods are compared in terms of
mean square error.
1. Introduction
2. CAS-CAS Transform method:
Remotely piloted vehicle plays an important role in
modem scientific advancements. It has wide applications in
the field of remote sensing, and military applications. One
of the important tasks of remotely piloted vehicle (RPV) is
to take images continuously and send them to ground
station for further processing. If the raw images are to be
sent directly to ground station wider band widths are
required for data transmission. To reduce the band width
requirement inJages are to be compressed before
transmission. Data compression is an important tool in
digital image processing to reduce the burden on the storage
and transmission systems. The basic idea of data
compression is to reduce the number of the image pixel
elements directly, say by sampling or by using transforms
and truncate the transformed image coefficients, so that the
total number ofpicture elements or coefficients are reduced .
The image information now requires lesser storage and also
lesser band width for transmission. When ever the image is
to be recovered or received after transmission the image
information is to be decompressed i.e. brought back to the
original size. There are different methods for compression
and decompression process. In this paper CAS-CAS
transform is used for both data compression and
decompression process. Algorithms are developed and
tested using two dimensional CAS-CAS transform. A
comparison is also presented with this transform to that of
discrete cosine transform (DCT). The main advantage of
CAS-CAS transform is, it is a real transform, and is similar
to that of fast Fourier transform (FFT). The fast algorithms
of FFT can be applied directly to this. Row column
decomposition method can be used. Number of digital
images is compressed and decompressed and the mean
square error estimation is carried out.
Keywords: Hartley transform relations in 2-D are [12]
C
C
Digital Image Processing, CAS-CAS transform, Data
Compression, Remotely piloted vehicle, Remote Sensing
and Discrete cosine transform.
M-1N-1 mu nv
H(n, v)= LLx(rri,n)cas2n-(-+-)
m=On=O M N
... (1) j
i
Ii
1 M-1N-I mu nv
X (m, n) =-- LLH(u,v)cas27T(-+-)
MxN u;Ov-O M N
(2)
mu nv
Cas 27T(- +-) is not a separable Kernel like
M N
mu nv
Exp [ j2 7T(- +-)] for 2-D DFT, hence the row-
M N
column decomposition method [ 14] of computing a 2-D
transform from I-D fast Fourier transform algorithm can not
be applied directly in this case ofHT. To take advantage of
the fast I-D HT algorithms, a separable Hartley like
transform namely CAS-CAS transform T (u, v), is defmed as
[12]
M-IN-I 2nmu 21l1'lv
T(u, v)= LLx(m,n)cas--cas-- (3)
m;On;O M N
1 M-IN-l 2mnu 21l1'lv
X (m, n) = --LLT(u,v)cas--eas--
MxN u;Ov;O M N
(4)
Where
Cas(a)=cos(a)+sin(a) and
1
H (u, v) =- [T(u, v) + T (-u, v)+T(u, -v,) - T(-u, -v)]
2
(5)
In this way 2-D Discrete Hartley transform can be computed.
2.1. The algorithmic steps for compression and
decompression using CAS-CAS transform
(CCT):
I. Scan the analog Image to get digital image with a size of
pixels (256 x 256) as reference data matrix A. Instead of
particular size of the digital image data, general· size of the
original image matrix A is considered as (M, N).
2. Compute CCT of this matrix A using equation (3) as
Matrix B which is of same size A.
3. Modify the CCT coefficients matrix B to reduce its size to
(Ml2, NI2), to achieve a compression factor of 4.
Construct a new sequence C (ll, v) from B (u, v) as follows
C(ll,v)=B(ll,v) for u""O, I (M/4)-1
v=O,l (N/4)-1
=B (ll, v+N/2) for u = 0, 1... (M/4)-1
v =(N/4) ... (N/2)-1
=B (u+Ml2, v) for u=Ml4... (MI2)-1
v=0,1...N/4
= B (u+Ml2, V+NI2) for u =Ml4... (MI2)-1
v=N/4... (N12)-1
C (ll, v) is matrix of size (Ml2, NI2); a compression ratio of
4 with respect to original size of the image matrix A of size
(M, N) is achieved.
4. This reduced CCT coefficient matrix is to be transmitted
instead of the original matrix, so that burden on the channel
can be reduced by a factor of4.
5. At the receiver, after receiving the modified CCT matrix
C (u, v), is appended with zeros to make it to original size as
follows.
D (ll, v) = C (ll, v) for u= 0,1... (M/4)-1
v= 0,1... (N/4)-1
=0 for u= 0,1... (MI4)-1
v=N/4 ... (3N/4)-1
= C (u, v-NI2) for u = 0, 1... (MI4)-1
v=3N/4... (N-I)
=0 for u = Ml4 ... (3M14)-1
v=0,1,2 .... (N-I)
= C (u-Ml2, v) for u =3M14 ... (M-I)
v = 0, 1... (N/4)-1
=0 for u =3M14... (M-I)
v=N/4 ... (3N/4)-1
= C (u-Ml2, v-NI2) for u = 3M14... (M-I)
v = 3N/4... (N-l)
6. Multiply each D (u, v) by the square of the compression
factor.
7. Perform the inverse CCT using equation (4) on the
sequence D (ll, v) of size (M, N) to obtain the replica of
original image.
3. Data compression and decompression using
discrete cosine transform:
The discrete cosine transform relations in 2 -D are
x (ll, v) =
,. ~I~I ( ) 7T(2m + l)u 7T(2n + l)v
a a L..J L..J x m,n cos cos
u v m;On;O 2M 2N
(6)
Where m = 0,1.. .. M-1
And n = 0, 1... N-1
1
a =-- foru=O
u .JM
au =/l; foru=l ... M-1
1
a =-- forv=O
y .JM
a = rz for v=l ... M-1
y '1M
And 2-D inverse discrete cosine Transform is
x (m.n)=
~l~X( ) 1!(2m + l)u 1!(2n + l)v
aUay L.J L.J u, V cos cos
u=Ov=O 2M 2N
.... (7)
Where u=O,l M-1
And v=O,l N-1
Equations (6) are forward transform and equation (7) is
reverse transform. By using the above two equations discrete
cosine transform coefficients and inverse discrete cosine
transform coefficients can be computed for the digital image.
3. 1. The algorithmic steps for compression and
decompression using DCT:
The procedure is similar to that of CAS-CAS transform for
data compression and decompression using discrete cosine
transform. In the algorithmic steps given above for CCT is to
be replaced with DCT, for DCT based data compression and
decompression process.
4. Procedure:
4. 1. CCT method
The above algorithmic steps are applied on the original
scanned digital image of size (256,256) pixels shown as
figure 1. For this image data CCT coefficients are computed.
Then data is reduced by discarding some of the coefficients
by using the algorithmic step (3). Most of CCT coefficients
are having larger magnitudes in all the four comers of the
matrix instead of central region of the matrix. Based on this
principle the discarding of small value data points is done.
To hring back to the original size matrix, zeros are appended
where ever the data points are discarded. Now inverse CCT
is applied on this data with a proper multiplier. The resultant
replica of the original image is shown as figure 2. These two
images figure 1 and figure 2 are looks alike, and there is no
noticeable loss of information. In this a reduction of data
points to be transmitted is 1I4th of that of original image.
A second example, with a compression ration of 16, is
shown as figure 3. The resultant image figure 3 is not up to
the mark, and further compression will completely distorts
the image. The advantage ofCCT is that it is a real transform
and hence the storage and transmission is not complex but
FFT algorithm ofrow column decomposition can be applied.
4. 2 DCT method
For the sanJe data (figure 1), equation (6) is applied to get the
DCT coefficients. DCT coefficients are concentrated near
the origin. To achieve the compression ratio of 4 the DCT
coefficient matrix is truncated by retaining (M/4, N/4) from
the origin.
Now zeros are appended to get back the original size of the
matrix and with proper multiplier inverse transform equation
(7), is applied to get the replica of the original image as
shown figure 4. Figures 1 and figure 4 are similar with out
appreciable differences. Hence there is a compression ratio
of4 is achieved with out distortion. As the compression ratio
is increased further say 16, by decreasing the data points to
be transmitted, the recovered image is distorted as shown in
figure 5. Figure 6 shows the distribution of magnitudes of
CCT coefficients for the figure 1 data points. It shows that
the magnitudes are negligibly small in the middle region,
which are discarded and zeros are appended for the reverse
transform
5. Results and conclusions
CCT ahd DCT methods are tried for different compression
factors. The mean square error estimation with respect to the
original image data (Figure I) are presented in table 1.
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Figure 1. Original Image
The mean square error in both the methods is ahnost the
same for different compression factors. It shows that CCT
method can be used for image compression process as that of
DCT method. The advantage of CCT method over DCT
method is that the CCT implementation in two dimensions is
simpler and well established techniques available for FFT
can be used for this.. Hence digital image data compression
and decompression process can be effectively implemented
by using CCT. RPV continuously taking photogtaphs for
remote sensing application, and sending them to ground
station, the band width requirement is a stringent problem
with out compression. By using the compression process the
channel bandwidth reduces drastically with out loss of much
information and storage space also reduces.
6. Acknowledgements
Table 1. Mean square error with CCT and FFT methods for
different data compression ratios
Serial Compression DCT CCT
Number factor Method Method
Mean Mean
Square error Square Error
1 4 0.0019 0.0018
2 16 0.0050 0.0048
Fig. 5 DCT method compression factor of 16
Fig. 6 CCT coefficients magnitudes of Fig. 1
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